Background/Aims: Radical hysterectomy (RH) for the treatment of cervical cancer frequently caused pelvic organ dysfunctions. This study aimed to compare the results of pelvic organ function and recurrence rate after Nerve sparing radical hysterectomy (NSRH) and RH treatment through systematic review and meta-analysis. Methods: PubMed, Web of Science and China Knowledge Resource Integrated Database were searched from inception to 25 February 2015. Studies of cervical cancer which reported radical hysterectomy or nerve sparing radical hysterectomy were included. The quality of included studies was evaluated using the guidelines of Cochrane Handbook for Systematic Reviews of Interventions. Statistical analysis was performed using Review Manager 5.3 software (Cochrane Collaboration). Results: A total of 20 studies were finally included. Meta-analysis demonstrated that NSRH was associated with less bladder and anorectal dysfunction than RH. The time to bladder and anorectal function recovery after NSRH was shorter than RH. Patients undergoing NSRH also scored higher than patients undergoing RH at Female Sexual Function Index (FSFI). On the other hand, the local recurrence and overall recurrence rate were similar between NSRH and RH. Conclusion: NSRH may be an effective technique for lowering pelvic organ dysfunction and improving the function recovery without increasing the recurrence rate of cervical cancer.
Introduction
Cervix uteri cancer was the number one cause of cancer deaths in South-East Asia and Africa, while at the global level it ranked 5th of most common cancers among women according to the number of deaths [1] . Radical hysterectomy (RH) was established by Ernst Wertheim as the classical surgical approach for the treatment of early-stage cervical cancer [2, 3] . However, the quality of patient's life was hugely influenced after RH due to a high rate of postoperative morbidities involving the pelvic autonomic nerve system, such as bladder dysfunction, colorectal disorder and sexual dissatisfaction [4] .
In order to improve cervical cancer survivor's quality of life, nerve-sparing radical hysterectomy (NSRH) preserving the pelvic autonomic nerves was first developed by Japanese gynecologist Takashi Kobayashi [5] . The NSRH technique was then modified and improved by other gynecologists around the world, which became a quite popular surgical approach for cervical cancer treatment during the last two decades [5] [6] [7] .
Some investigators proposed that NSRH might reduce the incidence of postoperative pelvic organ morbidities, while not reduce the radicality of RH and increase the recurrence rate [2, 4, 8] . However, there was no large enough randomized clinical trials on this subject to compare the outcomes of NSRH and RH. We reviewed the current randomized and nonrandomized clinical trials to compare the influence of these two surgical techniques on pelvic organ functions and cancer recurrence. We aimed to provide some evidence to decide whether the NSRH technique could be implemented as an effective and safe treatment with less postoperative morbidities for cervical cancer patients through meta-analysis of pooled clinical studies.
Materials and Methods
This review was prepared according to the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines [9] . A search of PubMed, Web of Science and China Knowledge Resource Integrated Database was performed for studies published up to 25 February 2015, using the search term ''nerve sparing or radical hysterectomy and cervical cancer'' without limiting publication language. Reference lists of all available clinical studies were manually searched and reviewed to discover additional relevant data.
We included the following clinical trials: (1) studies compared postoperative pelvic organ dysfunction and recovery after NSRH and RH, including bladder dysfunction, bladder function recovery, anorectal function, anorectal function recovery and sexual function; (2) studies compared local recurrence rate or overall recurrence rate after NSRH and RH. The included clinical trials should have informed consent and ethics committee approval for studies on patients, patient records, or volunteers.
Studies described surgical techniques and evaluated operation outcomes without comparison of pelvic organ function or recurrence rate of NSRH and RH, or trials not directly relevant to this review were excluded. Clinical trials missed the principle demographic or clinicopathological findings of cervical cancer patients, including age, body mass index (BMI), International Federation of Gynecology and Obstetrics (FIGO) stage, histological findings and tumor size were not included either. We evaluated the eligibility of all available studies independently without contacting the authors of selected clinical trials.
Statistical analysis was performed using Review Manager 5.3 software (Cochrane Collaboration). The mean and variance of data were calculated in studies of which only reported median and range data according to Hozo and colleagues' methods [10] . The risk ratio (RR) with 95% confidence interval (CI) was calculated for data of dichotomous variables, and the mean difference (MD) with 95% CI for data of continuous variables. Heterogeneity among studies was evaluated using the χ 2 test, with significance set at p < 0.05. The value of I 2 ≤ 33% was considered as low heterogeneity [11] . Fixed effect model was used when P ≥ 0.05 and I 2 ≤ 33%. If not, random effects model was used and sensitivity analysis was performed. Forest plots were used for results display.
Results
A total of 196 records were searched after duplicates removed. Of these, 131 records were excluded due to not directly relevant to this review. Within the further screened 65 records, 40 articles met the exclusion criteria. Based on the inclusion criteria we included the rest 25 articles in qualitative synthesis. After further assessment we finally included 20 studies ( Fig. 1) in quantitative synthesis or for meta-analysis [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] .
The risk of bias of the included 20 studies for meta-analysis was assessed using assessment tools in the Cochrane Handbook (Table 2) . Patients' characteristics of the 20 included clinical trials were listed in Table 1 .
Eight studies reported data on urinary incontinence after NSRH and RH [14, 18, 19, 25, 26, 28, 30, 31] . Data extracted from the eight studies were meta-analyzed using a fixed effect model because of low heterogeneity among the trials (P ≥ 0.05, I
2 ≤ 33%). The analysis results demonstrated that NSRH technique had a significantly lower risk of bladder incontinence than RH (n = 409, RR = 0.17, 95% CI 0.09 to 0.31, P < 0.00001; Fig. 2a ).
There were 11 studies compared mean time or median time of catheterization post NSRH and RH operation [12, 13, 16, 18-22, 25, 27, 29] . In order to make the data comparable, we calculated the mean time and standard deviation of data in 3 studies [13, 25, 27] , which only reported the median time and range of catheterization by using the Hozo and colleagues' methods [10] . Meta-analysis of the 11 studies' data on mean time of catheterization indicated that NSRH had a significantly shorter mean time of catheterization than RH (n = 686, MD = -8.01, 95% CI -10.64 to -5.38, P < 0.00001; Fig. 2b) . A random effects model was used in this meta-analysis due to high heterogeneity among studies (P < 0.05, I
2 > 33%). Anorectal symptoms such as constipation and dyschezia were reported after RH [25] . However, there were only two studies with comparable data of constipation as an indicator of anorectal disorders after NSRH and RH [18, 25] . Meta-analysis of the 2 studies didn't demonstrate a significant difference on constipation after NSRH and RH (n = 161, RR = 0.54, 95% CI 0.12 to 2.34, P > 0.05; Fig. 3a) , although the 2 studies reported that NSRH had less or no anorectal issues than RH. There was only 1 study reported that NSRH had shorter mean time of first flatus and first defecation than RH, so meta-analysis was not used [16] .
Sexual function was evaluated using the validated Female Sexual Function Index (FSFI) questionnaire, which assessed desire, arousal, lubrication, orgasm, satisfaction, and pain [15] . Two studies compared postoperative FSFI scores of NSRH and RH [15, 18] . Meta- the local recurrence rate of NSRH and RH technique was similar with no significant difference (n = 1037, RR = 1.09, 95% CI 0.69 to 1.73, P > 0.05; Fig. 4a) .
The overall recurrence included any postoperative recurrence of NSRH and RH. Six studies met our inclusion criteria reported overall recurrence rate [14, 16, 17, [23] [24] [25] . We extracted the overall recurrence data and used random effects model in this meta-analysis due to high heterogeneity among studies (P < 0.05, I
2 > 33%). The analysis result didn't show any significant differences between the overall recurrences of NSRH and RH either (n = 1010, RR = 0.76, 95% CI 0.32 to 1.84, P > 0.05; Fig. 4b ). 
Discussion

Main Findings
Since there were a bunch of variables indicating bladder dysfunction including urinary incontinence, urinary urgency, nocturia, loss of bladder sensation and straining to void, we chose the widely reported urinary incontinence as a relatively comparable indicator for bladder dysfunction [32] . Similarly, we chose the widely reported postoperative mean time of catheterization as the indicator of bladder function recovery. After analyzing 8 studies reported urinary incontinence and 11 studies reported mean time of catheterization respectively, we found that NSRH could significantly decrease urinary incontinence and postoperative mean time of catheterization compared to RH. These results suggested that NSRH was an effective surgical technique with better postoperative bladder function than RH, which was in line with Long and colleagues' findings [33] .
NSRH was also believed to have better anorectal function in cervical cancer survivors. 33 Although anorectal function outcomes were reported by several studies, we only found 2 relevant studies with comparable data on anorectal dysfunction [18, 25] . Due to various parameters indicating anorectal dysfunction such as constipation, defecation straining, stool incontinence and flatulence incontinence, we chose constipation as the comparable parameter of anorectal dysfunction in this review [32] . However, meta-analysis of anorectal dysfunction data of the 2 studies showed no significant difference between NSRH and RH, which might be due to the relatively small number of studies and participants. Since there was only 1 clinical trial with comparable data of the mean time of first flatus and first defecation, which indicated anorectal function recovery, we couldn't meta-analysis these data [16] . Sexual function of cervical cancer survivors was often assessed via several kinds of validated questionnaires, including the FSFI Questionnaire, the Dutch Gynecologic Leiden Questionnaire, and the Functional Assessment of Cancer Therapy-Cervix (FACT-Cx) Questionnaire, the European Organization for Research and Treatment of Cancer, Quality of Life Questionnaire with the cervical cancer module (EORTC QLQ-CX24) [15, 18, [34] [35] [36] . In order to extract comparable data on postoperative sexual function of cervical patients, we included 2 studies used the same FSFI questionnaire [15, 18] . The meta-analysis of total FSFI scores of cervical cancer survivors in the 2 studies indicated that both NSRH and RH led to lower sexual life satisfaction. Patients underwent NSRH showed significantly higher total FSFI scores which suggested relatively better satisfaction with postoperative sexual function than RH.
As a popular surgical technique sparing the pelvic autonomic nerves without compromising radicality, NSRH was reported to have similar clinical safety and extent of resection with RH for early stage cervical cancers treatment [33, 37] . As Basaran and colleagues reported that there were neither adequate nor statistically relevant evidence addressing the oncologic safety of NSRH over that of RH, due to the scarcity and heterogeneity of effect estimates in different trials [8] . We focused on the recurrence rate of cervical cancer after NSRH and RH, which was regarded as a main outcome measure.
Seven studies were included in this review for a meta-analysis with local recurrence rate data [14, 16, 17, [23] [24] [25] 31] , of which six studies reported overall recurrence rate data as well [14, 16, 17, [23] [24] [25] . Meta-analysis of these local and overall recurrence rate data didn't show significant differences after NSRH and RH procedures. Several evidence like the reviewer mentioned above did suggest that these two surgical techniques might have similar long term outcomes [33, [38] [39] [40] [41] . So we included studies using laparotomy-based or laparoscopy-based approaches in this study and analyzed the outcomes of NSRH and RH without differentiating their specific approaches. These findings on recurrence rate especially the overall recurrence rate should be interpreted cautiously because of the relatively high heterogeneity among included individual studies.
Strengths and Limitations
The major strengths of this study were (1) Used large data sets and found significant differences in outcome for bladder and sexual function; (2) Used validated methodology and statistical design for analysis. The conclusions of this review were based on comparable data that could be extracted for meta-analysis. However, there were a bunch of other variables reported as pelvic organ function parameters that we didn't choose because of their relatively non-comparability. Anorectal function and sexual function findings were based on just two studies, which might render these meta-analysis results less reliable because of statistical power issues.
Interpretation
The vast majority of included studies showed better results for NSRH. Meta-analysis of these existing clinical data confirmed these findings. Although NSRH remains attractive for cervical cancer patients and gynecologic surgeons based on current clinical trials, our findings in this review should be further verified in larger clinical trials with more extensive comparable data.
Conclusion
In conclusion, this review and meta-analysis provided evidence that NSRH might be a potentially promising surgical approach for early stage cervical cancer patients with relatively better pelvic organ function and similar recurrence rate compared to RH. More clinical trials with larger participants are needed to verify the efficacy and safety of NSRH before it is recommended as a standard approach for cervical cancer treatment. 
